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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a myocardial 
revascularization device for making channels in the 
inside of the heart ventricle to perfuse the myocardium. 
[0002] Within this application several publications are 
references by arabic numerals within parentheses. Full 
citations for these and other references may be found at 
the end of the specification immediately preceding the 
claims. 

[0003] It is well known that coronary artery disease is 
a pervasive disease afflicting many people in this coun- 
try. Many of these people are treatable by coronary 
artery bypass surgery. However, alternative methods of 
myocardial revascularization.are required for patients 
with coronary artery disease not amenable to coronary 
artery bypass. Investigators have used the CO2 laser in 
arrested hearts to aeate transmural channels from the 
epicardial surface as disclosed in EP-A-0 196 519. The 
channels increase cardiac perfusion by shunting blood 
from the ventricle to myocardial sinusoids, and can 
endothelralize and remain patent irx^efinitely. In this 
approach, the energy is delivered from outside the ven- 
tricle, and the channels formed by the laser energy pen- 
etrate the full thickness through the ventricular wall. 
[0004] In addition to the above mentioned put)lications 
reference is made to document EP-A-0 416 793 which 
discloses an apparatus for use in the treatment of dis- 
eases of a human heart comprising: a medical laser, an 
optical fiber operatively connected to the medical laser 
and capable to deliver laser energy to the heart, 
advancing means for F^^rcutaneously advancing the 
optical fiber to a position adjacent the human heart, and 
means for locating and/or maintaining the optical fiber in 
said position adjacent the human heart. 
[0005] Further, prior art document US-A-4 669 465 
discloses a multilumen laser enhanced transluminal 
angioptasy catheter apparatus having an optical fiber for 
delivering laser energy to treat obstructions and occlu- 
sions formed or created in blood vessels. This appara- 
tus is provided with a balloon or expandable member 
which is coupled to a catheter connecting a rr^nifotd 
member providing a plurality of inlet ports for handling 
and delivering procedure-dependent materials. A laser 
fiber advance unit in turn, controllably advances and 
couples the lasing fber between the catheter manifold 
and a laser control unit. The fiber advance unit provides 
interlock means preventing actuation or operation of the 
control unit, unless and until the tip of the laser beam 
transmitting fiber extends beyorxi the distal end of the 
catheter, and means are provided for controlling the 
insertion extent of advancement of the laser fiber and its 
transmitting tip into the body of the catheter. 



2 

SUMMARY OF THE INVENTION 

[0006] It is an object of the present invention to pro- 
vide a device for myocardial revascularization to 
5 increase blood flow to the myocardium from the endo- 
cardium without using the native diseased coronary 
arteries. 

[0007] It is an object of the present invention to pro- 
vide device for myocardial revascularization to be used 

10 with patients having extensive coronary atherosclerosis 
in whom bypass surgery is not possible. 
[0008] It is an object of the present invention to pro- 
vide device for myocardial revascularization which 
avoids forming channels which penetrate the full thick- 

15 ness through tiie ventricular wall. 

[0009] To solve this object the present invention pro- 
vides a myocardial revascularization device as specified 
in claim 1 . 

20 DESCRIPTION OF THE DRAWiNG 
[0010] 

Fig. 1 is a cross-sectional view of a ventricular wall 
25 of a heart, showing the epicardium, myocardium, 
endocardium and a channel formed by a laser 
energy source according to the present invention; 

Rg. 2A is a myocardial revascularization device 
30 according to a preferred embodiment of the inven- 
tion; 

Rg. 2B shows in rTK>re detail gripping means such 
as suction cups on the insertable end of the cathe- 
35 ter; 

Rg. 3 shows an aiming grid to focus a transatrial 
laser at specific sites based on visible epicardial 
landmarks witii the heart surgically exposed: and 

40 

Fig. 4 shows a transthoracic aiming thorascope. 

DETAILED DESCRIPTION OF THE PREFERRED 
EltflBODIMENT 

45 

[0011] A method for myocardial revascularization of 
the heart in a patient may be carried out using tiie 
claimed apparatus. The method comprises the steps of 
provided, comprising positioning a channel forming 

50 energy emitter inside the ventricle of the heart, and 
directing energy from the channel forming energy emit- 
ter toward the ventricular wall in an amount sufficient to 
form at least one channel in the ventricular wall into the 
myocardium to thereby increase blood flow from tine 

55 endocardium to the myocardium. The energy emitter is 
a laser. The steps of positioning and directing are pref- 
erably repeated to form channels at different sites in the 
ventricular wall. 
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[0012] The method preferably includes the steps of 
positioning an aiming beam energy emitter inside the 
ventride of the heart, said aiming beam energy emitter 
having an emitting beam which identifies the location of 
the emitted energy from the channel forming energy 5 
emitter, locating an aiming beam energy detector out- 
side the heart at a position adjacent a desired channel 
forming site. The channel forming site may be selected 
based on familiar epicardial anatomic landmarks, those 
being the epicardial branches of the coronary arteries. 
Further, the step of directing energy from the channel 
forming energy emitter is preferably performed after the 
arming beam energy detector detects aiming beam 
energy to thereby indicate that the channel forming 
energy emitter is directed to the desired channel form- 
ing site. 

{001 3] The method for myocardial revascularization of 
the heart, comprises the steps of entering the ventricle 
of the heart with a catheter having a lumen which 
houses a fiber which emits energy at a fiber end, locat- 
ing the fiber end proximate to the ventricular wall, and 
emitting energy from said fiber end in an anxtunt suffi- 
cient to form a channel in the ventricular wall into the 
myocardium to thereby increase myocardial blood flow 
from the endocardium to the myocardium. The fiber is 
connected to a laser, so that the fiber end emits laser 
energy 

[001 4] The steps of locating and emitting are prefera- 
bly repeated to form channels at different sites In the 
ventricular wall. The step of locating preferably com- 
prises advancing the fiber end relative to the catheter a 
selected distance, whereby channels are formed in the 
ventricular wall at said selected distances. 
[001 5] According to the invention, a myocardial revas- 
cularization device is provided, comprising a handpiece 
having at least one lumen, and having an insertable end 
and a handling end, a fiber for carrying energy from an 
energy source to a fiber end from which the energy is 
emitted, said fiber being received in one of said lumens, 
means for moving the fiber within the lumen to different 
stop positions, whereby the fiber end extends from the 
handpiece insertatrfe end at different sites of a ventricu- 
lar wall con'esponding to said stop positions, and means 
for transmitting energy to said fiber end in an amount 
sufficient to form a channel in the ventricular wall into 
the myocardium at each of said sites, to thereby 
increase myocardial blood flow from the endocardium to 
the myocardium. 

[0016] The means for moving the fiber comprises 
means for moving the fiber within the lumen to different 
stop positions each a selected distance apart. The 
means for transmitting energy comprises a laser. The 
handpiece may include means for supplying medicinal 
fluid, and nnay have means for supplying the medicinal 
fluid under pressure. The medicinal fluid may be 
heparin, for exantple. 

[001 7] The means for moving the iher may corrprise 
senramotor means for moving tiie fiber a selected dis- 



tance, and may comprise a foot switch to activate the 
servonwtor means. The handpiece insertable end may 
include gripping means extending therefrom to grip a 
ventricular wall. The gripping means may comprise 
three suction cups. An aiming beam energy emitter 
means may be provided for emitting an aiming beam 
which identifies the location of energy emitted from the 
channel forming energy emitter means, an aiming beam 
energy detector, for placing against the exterior of tiie 
heart, for detecting an aiming beam from the aiming 
beam energy emitter means, and means for energizing 
tiie channel forming energy emitter means in response 
to detection of an aiming beam by the aiming beam 
energy emitter The aiming beam energy detector loca- 
tion may be selected on the basis of familiar epicardial 
anatomic landmarks, those being the epicardial 
branches of tiie coronary arteries. The aiming beam 
energy detector may comprise an anray of detector ele- 
ments. 

[0018] The means for energizing may comprise con- 
trol means for receiving an EKG signal from a patient. 
The channel forming energy emitter means preferably is 
energized in response to detection of an aiming beam 
by the aiming beam energy emitter and at a suitable 
time in tiie EKG cycle. 

[0019] The myocardial revascularization device may 
comprise a magnetic element on the channel forming 
energy emitter means, and an electromagnet on tiie 
aiming beam energy detector, for electromagnetically 
coupling tiie channel forming energy emitter and detec- 
tor, for stabilizing the channel forming energy emitter 
[0020] Referring now to tiie Figs., as shown in Rg. 1 , 
a ventricle wall 10 has an epicardium 12, myocardium 
14 and endocardium 16. A laser channel 18 is also 
shown, which extends into the ventricle wall 10 suffi- 
ciently to communicate with the myocardium layer but 
which does not extend entirely tiirough the ventricle wall 
to and tiirough the epicardium. The laser channel 18 
was formed using the method and apparatus as 
described herein. 

[0021] Fig. 2A shows a myocardial revascularization 
device according to a preferred embodiment of the 
present invention, which comprises a catheter 22 hav- 
ing at least one lumen, and having an insertable end 24, 
and an operating end 26 to be held by a physician. An 
energy source, such as a laser 28. which may be a 
THC:YAG laser, has connected to it a fiber optic 30, 
which may be one or more quartz fibers. The f ber optic 
30 is received tiirough the catiieter lumen and is shown 
having an end 32 extending from the insertable end 24 
of tiie catiieter. A servomotor 36 serves to advance the 
fiber end 32 to stop positions spaced certain distances 
from each other. The spacing may be 1 to 10 mm. for 
exanrple. The servonxrtor 36 is connected to and con- 
ti-olled by a foot activator 40. The foot activator is also 
connected to and controls the firing of the laser 28 when 
the fiber end is at the stop positions. 
[0022] The device of Fig. 2A also has means for intro- 
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ducing medidnat fluid to the site, in the preferred form of 
heparin. The heparin is introduced under pressure as 
shown at 41 in Fig. 2A. A diaphragm 42 inside the cath- 
eter prevents the pressurized heparin from flowing out 
of the operating end 26 of the catheter. 
[0023] As shewn in Fig. 2B the tnsertable end 24 of 
the device has gripping means extending therefrom in 
the form of three suction cups 44. These cups 44 pro- 
vide a means to removably mount and stabilize the 
insertable end 24 to the inner ventricular wall, and serve 
as a tripod for the end 24. and the fiber end 32. 
[0024] Fig. 3 shows an aiming grid and aiming beam 
arrangement useful for locating the desired target posi- 
tions to fire the laser which creates the channels. This 
arrangement could be used in open chest surgery and 
can be used in a procedure as an adjunct to coronary 
bypass or other procedures. 

[0025] This arrangement comprises an aiming grid 50 
having sensors in the form of photodiodes 52 located In 
an array on a suitable sheet material. The grid 50 is 
adapted to be positioned inside of the thoracic cavity 
adjacent the heart outside the ventricular wall in which 
laser channels are desired. The grid 50 is connected to 
a controller 54 by cable 56. 

[0026] A handpiece 60, having a shell of suitable plas- 
tic nnaterial, for example, houses an aiming beam 
source 62. The aiming beam source may be an 808 nm 
diode laser, but could also be other sources of electro- 
magnetic, ultrasonic or magnetic energy The aiming 
beam grid 50 has sensors compatible with and adapted 
to detect the energy source. The handpiece 60 may 
actually be a catheter having two lumens. Also disposed 
in the handpiece is a fiber optic end 64 for projecting a 
laser beam, similar to that of Figs. 1 and 2. The fiber 
optic end 64 is connected, by a fiber optic 67 within the 
handpiece, to a laser 66 outside the handpiece. Control 
means to fire the laser 66 Is provided in controller 66. 
The controller, by way of cable 68, also provides a 
means to control the servomotor 70, located in the base 
of the handpiece 60, for advancing the f iber optic end 64 
to selected stop positions similarly as in Rgs. 1 and 2. 
The controller 54 is also connected to receive signals 
from a surface EKG by way of cable 72. 
[0027] It is usually desired that only specific regions of 
the myocardium will be targets. The targets are based 
on the watershed areas of each of the coronary 
branches, such that a region poorly perfused by an 
occluded coronary branch would be a target, while an 
adjacent area might not. There are virtually no visual 
landmarks to provide a roadmap of the coronary 
branches when the ventricle is viewed from the inside 
and even if there were, an optical system would be nec- 
essary to visually guide such a system. The coronary 
arteries are largely epicardial, and provide readily inter- 
pretable landmarks with which surgeons are quite famil- 
iar. The grid provides an arrangement for lining up the 
laser beam directly underneath the target, when the tar- 
get is best identified by external landmarks. 



[0028] The operation of the aiming beam grid arrange- 
ment is as follows. During open chest surgery, the grid 
50 is positioned inside of the atxJominal cavity adjacent 
the heart outside the ventricular wall in which laser 

5 channels are desired. The handpiece is inserted into 
the ventricular cavity and the aiming beam is energized. 
[0029] When the aiming beam is sensed by the pho- 
todiode 52, indicating the proper location for a channel 
to be formed in the ventricular wall, the controller ena- 

w bles or automatically fires the laser 66. The controller 
also senses EKG signals and enables or automatically 
fires the laser only at the proper time in the heart cycle. 
[0030] The handpiece is moved to different positions 
inside the ventricular cavity and when the aiming beam 

15 is sensed by another photodiode in the grid, the laser is 
~ enabled to create another channel in the ventricular 
wall. This process is continued until the desired number 
of channels is created. The controller may be provided 
with circuitry to determine whether a particular photodi- 

20 ode has previously sensed an aiming beam, so that 
when a channel has been created at that location, the 
laser will be prevented from be\ng enat>led at that loca- 
tion again, to thereby avoid firing the laser at a location 
where a channel has previously been created. 

25 [0031] The controller may also be provided with 
means to detect the distance between the aiming beam 
source 62 (the end of the handpiece) and the grid 50, 
and the signal strength received. This computed dis- 
tance and signal strength may be used to control the 

30 intensity of the laser energy used to create the channel 
and thus the size and depth thereof. The signal strength 
of the aiming beam received would indicate the ven- 
tricular wall thickness and dictate the channel depth 
desired. 

35 [0032] The arrangement of Fig. 3 allows a physician to 
focus a retrograde transatrtal laser at specific sites 
based on visible epicardial landmarks with the heart 
surgically exposed. 

[0033] Fig. 4 shows a transthoracic aiming thorascope 

40 according to the invention for focusing a percutaneously 
introduced laser catheter at specific sites based on epi- 
cardial landmarks. In this arrangement a single photodi- 
ode 52 is mounted at the end of a first handpiece 80 
which is adapted to be inserted through adjacent ribs in 

45 the ribcage and positioned with its end against the exte- 
rior of the heart. The photodiode is connected to con- 
troller 54 by cable 50. The controller is also connected 
by cable 68 to a servomotor 70 in a second handpiece 
90. A laser 66 is also connected to the controller 54, 

50 which controls the laser, and its output is through a fiber 
optic 67, which fiber optic exterxis throughout the length 
of the second handpiece and terminating at an end 64. 
[0034] The second handpiece 90 also houses an aim- 
ing beam source 62. similar to that in Fig. 3. The second 

55 handpiece may be a catheter having two lumens as in 
the arrangement of Fig. 3. The controller 54 receives 
EKG signals similarly as in Fig. 3. 
[0035] Similarly to the operation of the device of Rg. 
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3, the second handpiece 90 rs inserted into the ventricu- 
lar cavity. The aiming beam from source 62 projects 
from the second handpiece 90, and when the first hand- 
piece 80 Is aligned to have photodiode 52 receive the 
aiming beam from the second handpiece 90, the con- 
troller enables the laser 66 to fire and create a channel 
in the interior ventricular wall. 

[0036] An electronrtagnet 92 may be mounted in the 
end of the first handpiece 80. and a metallic ring 94 may 
be mounted in the second handpiece 90. Magnetic 
force could be used to stabilize the first handpiece end 
against the endocardium directly opposite the aiming 
scope. The first handpiece 80. sometimes referred to an 
aiming scope, may be provided with appropriate imag- 
ing optics 96, connected to visual monitor 98. for direct 
visualization of the region. The details of this feature are 
well known to those skilled in the art. 
[0037] An experiment conducted using the aforemen- 
tioned method will now be described. 

MATERIALS AND METHODS 

[0038] The left anterior descending artery (LAD) of 1 8 
dogs (10 laser, eight control) was ligated distal to the 
first diagonal, and the area at risk (AAR) was mapped 
with methylene blue dye. In laser animals, a catheter 
containing the laser fiber was passed through the left 
atrium, stabilized against the contracting left ventricular 
wall, and nontransmural channels (600 u diameter, 
about 4 channels/cm^) were lasered through the endo- 
cardium (800 mJ pulses; frequency 3 Hz) until epicar- 
dial blanching was noted. Survivors (laser. 9/10; 
controls, 4/8) were sacrificed at six weeks, and the inf- 
arct size was outlined using triphenyltetrazotium chlo- 
ride (TTC). Ventriculograms were done after the 
animals were killed by tigating the coronary arteries, 
clamping aaoss the mitral and aortic valves, and instill- 
ing radiopaque dye into the ventricle. 

RE SU LT S 

[0039] The AAR was similar in both groups (1 2.7 ± 2.3 
cm^ vs. 13.0 ± 3.1 cm^). Compared with controls at six 
weeks, laser-treated animals had smaller infarct size 
(3.67 ± 0.32 cm^ vs. 0.73 ±0.13 cm^, P < 0.02), and 
lower infarct-to-AAR ratio (0.26 ± 05 vs. 0.06 ± .02, P < 
0.02). Neither bleeding nor aneurysms occurred in any 
of the animals. Ventriculograms on control animals 
showed no perfusion of the free wall; laser-treated ani- 
mals had dye-filled sinusoids in the free wall, filling 
through short channels originating from the endocardial 
surface. 

DISCUSSION 

[0040] Transmural channels created with a COg laser 
increase myocardial perfusion in experimental models, 
and have been used clinically as an adjunct during cor- 



onary artery bypass. Postoperative ventriculography 
and radionuclide scans have demonstrated perfusion, 
through laser channels, of regions not revascularized 
through bypass grafts. The mechanism is tiiought to 

5 involve perfusion of the collateral network of myocardial 
sinusoids by flow entering the lasered channels from 
the verrtricular cavity during systole. The channels 
remain open because carbonization associated with 
laser energy has been shown to inhibit lymphocyte. 

10 nnacrophage, and fibroblast migration. Thus, in contrast 
to channels created by needle acupuncture, laser chan- 
nels heal more slowly and with less scar formation, 
which allows endothetialization and long-term patency. 
Bleeding from the epicardial site of penetration is usu- 

15 ally controlled by dot formation. 

[0041 ] To irrprove myocardial perfusion, tiie channels 
must allow comnruinication between tiie ventricular cav- 
ity and myocardial sinusoids, but do not need to be 
transmural. In previous nrKxlels, transmural channels 

20 were a consequence of the inability to deliver CO2 laser 
energy through a flexible ftoeroptic system, mandating 
application of the laser energy from the epicardial sur- 
face of the ventricle. The far-infrared (10.6 \im) COg 
laser has been used because of its ability to remove tis- 

25 sue precisely. The mid-infrared (2.15 jim) THC:YAG 
laser has similar tissue effects because of a large 
absorption peak of water for light energy in the 2 ^im 
region. In addition, the wavelength of 2 ^m radiation is 
short enough to be effectively transmitted through low 

30 hydroxyl 600 ^m diameter quartz fibers. This feature 
permits application of laser energy from the endocardial 
surface of a beating ventricle, avoiding the need to cre- 
ate transmural channels from tiie epicardial surface. 
[0042] Using this approach, the AAR in the experi- 

35 mental group was significantly decreased after the cre- 
ation of laser channels, and after six weeks the laser 
animals had smaller infarcts, as measured by TTC 
staining. Laser-treated and control animals had similar 
initial AAR. In the laser-treated animals, but not in tiie 

40 controls, ventriculography at six weeks demonstrated 
noncoronary perfusion of myocardial sinusoids in tiie 
area at risk through short channels communicating with 
the ventricular chamber. There were no bleeding com- 
plications, aneurysms, or permanent arrhythmias. 

45 [0043] In conclusion, laser energy can be transmitted 
tiirough flexible quartz fibers to create myocardial chan- 
nels from the endocardial surface in a beating heart. 
The channels improve perfusion acutely arxi remain 
patent for up to six weeks. Tliis technique may be useful 

50 as an adjunct to coronary bypass or, with development 
of a delivery system, might permit percutaneous treat- 
ment of inoperable patients with diffuse coronary artery 
disease. 

55 
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Claims 

1 . A myocardial laser treatment device, composing: 

a hand piece (22) having at least one lumen, 
and having an insertable end (24) and a han- 
dling end (26); 

a fiber (30) for can*ying energy from an energy 
source (28) to a fiber end from which the 
energy is emitted, sard fiber (30) being 
received in one of the lumens; 
means (36) for moving the fiber (30) within the 
lumen to different stop positions, 
whereby the fiber end extends from the hand- 
piece insertatTle end (24) at different sites of a 
ventricular wall corresponding to said stop 
positions; 

means for transmitting energy to said fiber end; 
and 

means for locating said insertable end (24) of 
the handpiece (22), 

characterised in that said energy source (28) is 
a laser having a wavelength of 2.15 microme- 
ters and an energy in an amount sufficient to 
form a channel in the ventricular wall from the 
endocardium to the myocardium to thereby 
increase myocardial blood flow from the endo- 
cardium to the myocardium. 

2. A device according to claim 1 . wherein the hand- 
piece insertable end (24) includes gripping means 
extending therefrom to grip a ventricular wall. 

3. A device according to claim 2, characterised in that 
the gripping means to stabilise the insertable end 



(24) of the handpiece (22) is in the form of suction 
cups (44). 

4. A device according to claim 3, characterised in that 
5 three suction cups are provided. 

5. A device according to claim 3, characterised in that 
said gripping means to stabilise the insertable end 
serves as a tripod. 

10 

6. A device according to claim 1 characterised in that 
said stop positions are between 1 to 10 mm apart. 

7. A device according to any preceding claim charac- 
15 terised in that said means (36) for owing the fiber 

(30) within said lumen includes a servomotor 
means. 

8. A device according to claim 7 characterised in that 
20 the means (36) for moving the fiber (30) comprises 

servomotor means for moving the fiber (30) a 
selected distance, and further conprising a foot 
switch (40) to activate the servomotor means. 

25 9. A device according to any preceding claim charac- 
terised in that an EKG sensor is provided and con- 
trol means is provided adapted in use to control the 
firing of the energy source (28) dependent upon 
receipt of EKG signals from the EKG sensor so as 

30 to fire the energy source, in use, only at the proper 
time in the heart cycle. 

10. A device according to any preceding claim charac- 
terised in that the energy source (28) and fiber (30) 

35 are arranged such that the channel that is formed, 
in use, is the same diameter as that of the fiber (30). 

1 1 . A device according to daim 1 0 characterised in that 
the fiber (30) is a quartz fiber of 600 micrometer 

40 diameter capatrfe of making a channel in the 
patient's heart wall of 600 micrometer diameter in 
use. 

12. A device according to any preceding claim charac- 
45 terised in that tiie handpiece (22) further comprises 

means (41 , 42) for supplying medidnal fluid. 

1 3. A device according to daim 1 2 characterised in that 
tiie means (41, 42) for supplying comprises means 

so for supplying medidnal fluid under pressure. 

14. A device according to claim 12 or daim 13 charac- 
terised in that the medicinal fluid is heparin. 

55 Patentanspruche 

1 . Laserbehandlungsvorrichtung fur die Herzmuskula- 
tur, welche folgendes aufweist: 
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ein Handstuck (22). welches mindestens ein 
Lumen bzw. Hohlraum. ein einfOhrbares Ende 
(24) und ein Griffende (26) aufweist; 
eine Faser (30) zum Ubertragen von Energie 
von einer Energiequelle (28) zu einem Faser- 
ende. von welchem die Energie emittiert wird, 
wobei die Faser (30) in einem der Hohlrdume 
aufgenommen ist; 

eine Einrichtung (36) zum Bewegen der Faser 
(30) zu verschiedenen Haltepositionen inner- 
halb des Hohlraums, wobei sich das Faser- 
ende von dem einfuhrbaren Ende (24) des 
Handslucks an verschiedenen Stellen einer 
Herzkammer entsprechend der Haltepositio- 
nen erstreckt; 

eine Einrichtung zum Ubertragen von Energie 
zu dem Faserende; und 
eine Einrichtung zum Lokalisieren des einfuhr- 
baren Ertdes (24) des Handstucks (22), 
dadurch gekennzeichnet, daB 
die Energiequelle (28) ein Laser mit einer Wel- 
lenldnge von 2,15 Mikrometern und einer Lei- 
stung ist. welche ausreicht, urn einen Kanal in 
der Herzkammenwand von der Herzinnenwand 
zu der Herzmuskulatur an jeder der Stellen zu 
for men. urn dadurch den myokardischen FluB 
von Blut von der Herzinnenwand zu der Herz- 
muskulatur zu erhOhen. 

2. Vorrichtung nach Anspruch 1 , 

dadurch gekennzeichnet, daB das einfOhrt^are 
Ende (24) des Handstucks eine Grerfeinrichtung 
aufweist, welche sich von demselben erstreckt, urn 
eine HerzkammenA^and zu greifen. 

3. Vorrichtung nach Anspruch 2. 

dadurch gekennzeichnet, daB die Greifeinrich- 
tung. urn das einfuhrt^re Ende (24) des Hand- 
stOcks (22) zu stabilisieren. in der Form von 
Saugndpfen (44) ausgebikJet ist. 

4. Vorrichtung nach Anspruch 3. 

dadurch gekennzeichnet, daB drei Saugndpfe 
vorgesehen sind. 

5. Vorrichtung nach Anspruch 3, 

dadurch gekennzeichnet, daB die Greifeinrich- 
tung zum Stabilisieren des einfuhrbaren Endes als 
Dreibein bzw. Stativ dient. 

6. Vorrichtung nach Anspruch 1 , 

dadurch gekennzeichnet, daB die Haltepositio- 
nen zwischen 1 bis 10 mm voneinander entfernt 
sind. 

7. Vorrichtung nach einem der vorhergehenden 
AnsprOche, 

dadurch gekennzeichnet, daB die Einrichtung 



(36) zum Bewegen der Faser (30) innerhalb des 
Hohlraums eine Servomotor- Einrichtung aufweist. 

8- Vorrichtung nach Anspruch 7, 

5 dadurch gekennzeichnet, daB die Einrichtung 
(36) zum Bewegen der Faser (30) eine Servomotor- 
Einrichtung zum Bewegen der Faser (30) um einen 
vorbestimmten Abstand aufweist und des weiteren 
einen FuBschalter (40) zur Aktivierung der Servo- 

10 motor-Einrichtung aufweist. 

9. Vorrichtung nach einem der vorhergehenden 
AnsprOche. 

dadurch gekennzeichnet, daB ein EKG-Sensor 
15 vorgesehen ist und eine Steuereinrichtung vorge- 
sehen ist, wetche in der Venvendung dafur vorge- 
sehen ist, das Aktivieren der Energiequelle (28) 
abhangig vom Empfangen von EKG-Signalen von 
dem EKG-Sensor zu steuern, umdie Energiequelle 
20 bel der Verwendung zu aktivieren. und zwar nur zu 
der geeigneten Zeit In dem Herzzyktus. 

10. Vorrichtung nach einem der vorhergehenden 
AnsprOche, 

25 dadurch gekennzeichnet, daB die Energiequelle 
(28) und die Faser (30) so angeordnet sind, daB der 
gebildete Kanal bei der Venfvendung denselben 
Durchmesser wie derjenige der Faser (30) hat. 

30 11. Vorrichtung nach Anspruch 1 0. 

dadurch gekennzeichnet, daB die Faser (30) eine 
Quarzfaser mit einem Durchmesser von 600 Mikro- 
metern Ist. welche in der Lage ist, einen Kanal in 
der Herzwand des Patienten mit einem Durchmes- 

35 ser von 600 Mikrometern bei der Venvendung zu 
machen. 

12. Vorrichtung nach einem der vortiergehenden 
AnsprOche, 

40 dadurch gekennzeichnet, daB das Handstuck 
(22) des weiteren Einrichtungen (41,42) zum 
Zufuhren von medizinischer Flussigkeit aufweist. 

13. Vorrichtung nach Anspruch 12, 

45 dadurch gekennzeichnet, daB die Einrichtung 
(41,42) zum Zufuhren eine Einrichtung zum Zufuh- 
ren von medizinischer Flussigkeit unter Druck auf- 
weist. 

50 14. Vorrichtung nach Anspruch 12 Oder 13, 

dadurch gekennzeichnet, daB die medizinische 
Russigkeit Heparin ist. 

Revendications 

55 

1. Dispositif de traitement myocardique par laser, 
comprenant : 
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une pitee d main (22) ayant au moins un con- 
duit, et ayant une extr6mrt6 insurable (24) et 
une extr^mit^ de ntanoeuvre (26) ; 
une fibre (30) pour transporter de I'^ergie 
d'une source d'^nergie (28) k une extr6mit6 de s 
fibre par laquelle I'^nergie est 6mise. ladite 
fibre (30) 6tanl regue dans Tun des conduits. ; 

- des nnoyens (36) pour d6placer ta ftore (30) 
dans le conduit d diff6rents emplacements 
d'anfet, 10 
de sorte que rextr6mit6 de fibre s'6tende de 
rextr6mit6 insurable (24) de la pi^e k main k 
diff6rents endroits d'une parol ventriculaire cor- 
respondant auxdits emplacements d'arrfet ; 

- des moyens pour transmettre de r^nergie k is 
ladite extr6mit6 de f bre ; et 

des moyens pour placer ladite extr6mit6 insu- 
rable (24) de la pitee k main (22). 
caract6ris6 en ce que ladite source d'^ergie 
(28) est un laser ayant une longueur d'onde de so 
2.15 micrometres et une 6nergie en quantity 
suffisante pour former un canal dans la parol 
ventriculaire de TerKlocarde au myocarde k 
chacun desdits erxiroits, pour ainsi augmenter 
r6coulement de sang myocardique de I'endo- 25 
carde au myocarde. 

2. Dispositif seton la revendication 1, dans lequel 
rextr6mit6 ins6rable (24) de la pi^e k main com- 
porte des moyens de solidarisation s'6tendant 30 
depuis elle pour solrdariser une parol ventriculaire. 

3. Dispositif selon la revendication 2, caract6ris6 en 
ce que les moyens de solidarisation pour stabiliser 
I'extr^mit^ insurable (24) de la pi^ce k mam (22) 35 
sont sous la forme de ventouses (44). 

4. Dispositif selon la revendication 3. caract6rrs6 en 
ce qu'il y a trois ventouses. 

40 

5. Dispositif selon la revendication 3, caract^ris^ en 
ce que lesdits moyens de fixation pour stabiliser 
rextr6mit6 insurable font office de tripodes. 

6. Dispositif selon la revendication 1 , caract4rts6 en 45 
ce que lesdits emplacements d'arr§t sont espac6s 
del mm ^10 mm. 



tionn^e, et de plus comprennent un comnrtutateur k 
pied (40) pour actionner les moyens formant servo- 
nKrteur 

9. Dispositif selon Tune quelconque des revendica- 
tions pr6c6dentes. caract^is6 en ce qu'un capteur 
d'61ectrocardiogramme est present et des nrx>yens 
de commande sont pr6sents et adapt6s pour 6tre 
utilises pour commander la mise en fonctionnement 
de la source d'^nergie (28) en fonction de la r^ep- 
tion de signaux d'^lectrocardiogramme du capteur 
d*61ectrocardiogramme afin de mettre en fonction- 
nement la source d'^nergie. en utilisation, seule- 
ment au moment appropri6 dans le cycle 
cardiaque. 

10. Dispositif selon Tune quelconque des revendica- 
tions pr6c6derttes, caract^is6 en ce que la source 
d'6nergie (28) et la fibre (30) sont dispos^es de 
sorte que le canal qui est fbrm6. en utilisation, a le 
m§me diam^tre que la fibre (30). 

11. Dispositif selon la revendication 10. caract6ris6 en 
ce que la fibre (30) est une fibre en quartz de 600 
micrometres de diam^tre. capable de faire un canal 
dans la parol du coeur du patient, de 600 microme- 
tres de diametre en utilisation. 

12. Dispositif selon Tune quelconque des revendica- 
tions pr6cedentes. caract6ris6 en ce que la pi^ce k 
mam (22) comprend en outre des moyens (41,42) 
d'alimentation en fluide medicinal. 

13. Dispositif selon la revendication 12, caracterise en 
ce que les moyens (41 ,42) d'alimentation compren- 
nent des nrK)yens d'alimentation en fluide medicinal 
sous pression. 

14. Dispositif selon la revendication 12 ou la reverxlica- 
tion 13. caracterise en ce que le fluide medicinal est 
de I'heparine. 



7. Dispositif selon t'une quelconque des revendica- 
tions precedentes. caracterise en ce que lesdits so 
moyens (36) pour deplacer la fibre (30) dans le con- 
duit conrprennent des moyens formant servomo- 
teur. 



8. Dispositif selon la revendication 7. caracterise en ss 
ce que les nrx}yens (36) pour deplacer la fibre (30) 
conprennent des moyens formant servonx)teur 
pour deplacer la fibre (30) sur une distance seiec- 
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Fig.2B 
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